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Abstract: Several core-selecting oyatons can te devised that offer hotter 

selection ratios than the standard J-dimenaional array. Improved 
selection vatic 0 result in reduced, etorago access time but at 
the cost of considerably increased complexity of the driver 
clrcuite. 

INTROD UCTION 

A storage system using a 3‘*din®nBional array of magnetic cores 
Lae been under study in the laboratory for some tioe.,**^ It is assumed 
that the r^adex’ is familinv with the system an described in the above 
inferences. 

Very promisi:ig progress haa teen made, especially recently. 

It is still essentially true tJint neither tne steel nor the ceramic cores 
rov available present a satisfactory aolutijn to the storage problem! 

a. The steel cores have tho proper roctajjgularlty but- switch 
too slowly. 

l>. The ceramic cores switch rapidly but are not juffi ciently 
rectangular. 

Both situations can be improved if the ratio of selecting to 
non-selecting IT a can be Increased. 


1. R-.1S7? "Digital Information Storage :Ln Three Dimensions Using Magnetic 

Cores" by J. M. forrester.. 


2. R-192, "A Coincident Current Magnetic Memory Unit" by V. N„ Fapian 
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a, For the steel cores tne non-sel »:tir.g H car renr.ln us le 
and the t electing H Increased t; decrease the switching 
time. 

b. For the ceramlcores the awitjilng H can remain ae 1 b 
and the ron-selecting H reduct? to improve sigr.. l i-noise 
ratio, otc. 

The switching system described bj JWF is oi:aple, e.'.egant and 
'’beat possible’' 3^i Bor - c ^ ona l in a sense to be defined later, Nonetheless 
it appears worthwhile to consider switching aystems that rerult in 
improved selecting ratios even though they may reyalt in more selecting 
equipment. 


A £-E pension al System vith_?V Self > ting Ratio 


A 2-dinenslcnial system can be arranged to give a 3 ; 1 selecting 
ratio. The currents to be applied in the two coordinates are an follows 
when Is the dr*.ve required to swit,;hs 
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Comparing this systom with the present ova described in H-187? 
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J5_01i i enal t ir.nl 2| i, 


The virtue of the JUis? mentioned ayste::. fr.peaie •vhta jot} ; 
coordinate la adled. 
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Ono way of looking at this system la to sny that aoiectlo;*. it 
made in all Z planes and then the unwanted nlnnes are overridden or inhltV-iai 
by a negative H, 


There 1& no equivalent inhibition scheme for the 3^1 system, 

Thie lack Is a serious restriction nince the niniauo usnble switching eyst'na 
for n parallel computer 1 b 3“dAroenB?.onal„ The absolute minimum is 2- 
dinenelonil, one dimension along the) digits In a register, tho other nlor* 
the registers, -?or large nunbars of registers tno register selection., 
vhlch lo one-diaenBloBftl, becomes prohibitive, Note that dig:.t column 
selection is necessary to allow arbitrarily writing O^a or l“n In each 
column, The present 3^dlmenBlnnel nyetem is satisfactory from this colnt 
of view since it allows selecting nay combination of cores along the Z 
axis and not just one. 


A 3 '•dimensional system allows 2-limenaional oelection of the 
register number thus reducing the number of drivers to a reasonable A evel 
for moderate storage cnoacitles. For very large storage capacities It 
may be desirable to go to 4- or mora-dlmenslonal systems, This possibility 
Ilea well In tna future. 
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N -I'inoa f 1 0 nal Switchin g 

We will consider the problem of eel-scti-ng ti single tilexent rot 
an n-diman®local array of such elements. The selection will be: jr.ado 1'.. t? 
following manner: 

1, The select ion will be trade by n independent linear se?.e 
tions, one In each coordinate, 

2. Each linear selection will be of on n-1 dimensional-a rraj e 

3 . Each element will be at the intersection of n selecting lea5 
one for each coordinate, 

4, The particular selecting arrangement that resu?.ts la nnxiaiv: 
ing the ratio of selecting to non-selecting switching 
signals will be defined as a "betst-poseible" n-dimfneloncl 
awltcnlng system. 

(These restrictions hold for what may be termed "nor-re-dunt 'int rt 
seloction systems, Some systems with 1 redundart" selection arc bijcrlbi'd 
in the next, section,) 


Let the selecting amplitude (H^ in Iranian's terminology.) bt 
taken here as unity drive, and let o be the largest non-selecting ampllfcud 
at any core. Now consider a selected core, and then unselect it In one 
coordinate only; according to restriction (l; t above, the other coordinate-, 
remain unaffected., Since unselecting muse remove a part of the selecting 
amplitude at least equal to l-o, unselectlng in n coordinates will remove 
at least n(l-p). As stated, the remaining amplitude of l-n(l«p; must not 
exceed p in amplitude; It must not therefore be less than ~p since negatl- 
disturbance is as bod as positive disturbance. Then: 


l-n(l-o)^-p 
1-n + (n+i)p = 0 
(n+l)p = n-1 
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* Maximum Selecting Hatio 


A tabulation of and vs n follows: 
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n 

B = HtiS 

‘Max n-1 

P .Min = 

2 

3 

1/3 

3 

2 
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4 

5/3 

3/5 

5 

3/2 

2/3 

6 

7/5 
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a+1 


etc. 


The present system has a p of 1/2 and Is "best-possible" 
^-dimensional hut not "beet-possible" P-dimensional, The 3 J 1 system 
described above ia "beet-possible" ?-dlinensional„ 


A 4-dimensional system according to the above criterion would 
be, for example? 


Coordinates 
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These two systems are equivalent; of the two, the latter ie 
preferable since the driving equloment ie simplified. 


are: 


In general for an n-dimenslonal system the coordinate values 
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Uedundant Selection - 2-dimensional 


If the restrictions mentioned at the head of the previous 
section are disregarded, it is possible to devir.e selection systems that vil 
give solection ratios higher than 3*1- If a ratio of M is desired, a 
system ie noeded in which the selected element lies at the Intersection of 
M lines or planes or other configurations which mist not otherwise inter¬ 
sect. Since the intersection of Just two of those define the element, the 
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rat.' 


t 


the other V-2 figures arc redunler.t, Moreover, it An in general nos.*?. 1c 
tc apply plus or minus voltagBB to the fibres anti thUB obtal i bettor 
than an K to 1 selection ratio.. 

Consider firefc a 2-diires.uional nr raj. Oastonarily ;n «1 t. 
io nelactevi ct the intersection of one horizontal imd one vertical., n:>: 
otborvlat»--lntf!i*9ectlng linen. A third group of not.-oLhenyiac-intornc-J inf 
lines are the diagonals. 



Tha diagonal line cannot he chotten arbitrarily hut la a function oi the 
horizontal and vertical lines already choeer., See the table. 

The diagonal oolunn nay ho easily derived from the horironi.nl 
and vertical columns hy (<.n thio c"se) subtracting the vertical from the 
horizontal modulo 4, A ohysicai procedure for thi* derivation would ho: 


1. Set the diagonal decoder by the horizontal address digits- 

2. Add the complement of the vertical address. 

3 . Add 1 (corrects for 9*8 complement). 
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Sine a nil selected lino* arc non~l.il; ai 3 ;. cti ng except- at m u 
element, a selecting airoiitude of 1/3 may bo uav giving 'in acp 5 V.ulv r- 
the selected element of 1 arc! non-selecting araplituies of a*- iron* (./> 

A better ayatora is oosslble, All unselcstei aieme:.:.t<i ?..i :• 

horizontal and vertical lines must be intersected b/ the non-ch*S0i 
uie^jonel llneg (they do act interuoct with ths cloosa iiagonal and ihe 
diagonal lines paso thro’igh all element*). Therefore, a negaSi 'e sign! L 
on the non-choaen diagonals will reduce the non-Belacting amplitudes. l« 
a result. 


X coordinate chosen + 2/j> 

n non-chosen 0 

Y ** chosen + 2/* 

1 " non- chosen C 

Diagonal chosen 4 1/6 

” non-choeen - 1/5 


The largest non-selecting ararlituda Is 1/5 resulting in ’> 
selecting ratio of 

There are other 2-dlmetiaional redundant systems. Through the 
Belocted element may ho dravoi a large number of Dines of different ellipse 
(the nvaiber depends on the siae of tie array) all of vnich will pass rbrou, 
l/n th of the elements, but net all of which are non-inters act lag with ore 
chosen gi'ouoo of selecting lines. Ae an example — for an army with even 
n, lines with slope of 3 (up 3 rows f° T «*ch column) vill intellect with 
5, Y, aril diagonal lines only at the mutually selected element Ruler can 
we worked out for cnooslng such l-ne? . The resulting selecting ratios s.r .5 
2 rc 1:1 where ra le the number of grouts of lines, 

Redundant line selection is also possible In 3 or more dimension 
arrays hut a selection among an n 1 dimensional array of lines Is nacessar. 
In each group. 

In 3 dimensions, the groups could be the 3 coordinates >>lu« the 
U major diagonals. The selected element will be at the intersection of 7 
linen. By a method analogous to that described above a selecting ratio of 
13?1 may be achieved. The necessary selecting equipment is very compl.catcrr 
and Inefficient. 
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BedL undaat _-^-Pltteoaloaai 

Redundant selection is not necessarily restricted to grown. of 
lines. Iroups of n -1 o.lmennloiml fI .jin-ea ney be ur el in an n-dimPBsic :.&1 
ey stew. 

In 3 dimensions a fourth plane e^ei/ed with respect j 1 to tv , cr 
3 may he used, This plane should Intersect with mere than ono yther y jio 


only at the selected element, 
fills the requirements. 

A plane intersecting' the other 

X coordinate 

chaser. 

+ V3 

N 1* 

non“Chosen 

0 

Y " 

chosen 

* 1/3 

H » 

non-chosen 

0 

z * 

chosen 

4 1/3 

n n 

non-chosen 

0 

Diagonal 

chosen 

CO 

n 

ton- cr.o sen 

- 1/3 


Applied Sign als 

Selected element 1 


Intersection of any 2 olanos 4 i /3 

All planes except at Inter¬ 
sections 0 

All other elements - 1/3 

Although this Is a 3~ < H IMn 8 l° aa l eyetom It haa the dIsadTejiin'.ge 
that only a single element can he .selected and not an arbitraiy grouts of 
elenentB along one dimension. 

Bedundant selecting 3«4lraenslonal systems using noro than 4 
plane# can be devised. The methods can be extended te any nurabor of 
dimensions. 
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Vji7 reference to th<* fora of ytoregn uud?ir nonslderatlon hm> 

two parij: 

1„ A "read" or "write minus", the tuo being equivalent. 

2„ A "write plus" in selected columns. 

Slnco the read ie destructive a rewrite olu'< In the oolMftns 
that readout plue Is necessary. 

Since .writing minue requires olgnals of opposite polarity on *11 
plane* fron those required when writing oIub, write minus must he carried 
out at a different time than write plug. This difference can most coxmr.ic ily 
he obtained by writing mlnue or clearing all coTiuranfi prior to the write 
plue. This write minus 'n equivalent to reading. J.t nould be posslb.vu 0 
write mlau* only in the columns that are to end up riinua but there sect 1 
little advantage to Buch complication. 

3 -JlnienaionaI Driving 

The chosen drivers in the X and Y dimensions always first write 
minus and then write plur, without exception. The drivers in the Z or 
digit dimension, which are inhibiting drivers, never drive plus (inhibit 
minus) aince all columns are Rlvuys written negative. Selected Z 
dimension drivers drive negative driving the write plus of the cycle to 
inhibit the columns that are not being written plus. 


Dimension Waveform 



<L 


Z 


in 0 columns only 


Mi { i 
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These wevofor.ua can be obtained with single tubes. die dri'dng 
sections need not even b® push-pull. 

Aa u first approximation a normally "ON" tube may be uB®d with 
an LC circuit in the plat®. An incoming negative gate long enough to ills 
or.o complete sine wave on the plate is then applied to tho grid. Clipping 
would be needed to ■ quare up the waveform. It may ^rove datirnble to oao 
double-ended drivers to hold constant pji:.e ourrenta. 

A driver of tie X, Y kind will bo called an e-typo driver for 
sequence-type. 

A driver of the 2 kind will be culled an 0-type drivor f or 
one-shot type. 

A driver whioh must put out both pluB and tin us sign?ill; bo; act 
in fixed order will be called an n-type driver for non-ooquai 
type. Suoh a driver would have to be doublo-ende . and in 
probably more complicated than an s-type driver. 

2 

A beet-possible 3-dimenaional storage of n registers each d dig ta 
long requires 

2 n s-type drivers nd c ores/driver 

d 0-type dri/ersB n 2 " " 


2 -Dimensional Driving 


Conaider now a storage nade out of best possible 2-d'..mensio lal 
arrays. One auch array will be needed for each digit column. 


» \ 

The ohosen X-ooordinate drivers firBt drive negative to write 
minus but drive ^ositivs only in she digit columns to be written plus. It 
seems rcaeonable, howevar, that such a driver should be no morn oomplioatr.' 
than an s-type, the complication appearing in the control circuits. r 'n® 
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Y~coordinat^ nrivers lat.al. ov:: wit. opposite po'..iritien on BPlir.tr' a. 
unoej.3cto3 Hues nnd me therefore of a-type If a oofcrolete ,ei> rf .,. .1. 

In provided on each column wj nerd: 

nd styne drivers n coreo/drivor 

nd n-type drivers n " ’ 

If an a-type drivor requires 3 lubes 

" 0-type " " ? tubes 

" r-type n * 4 lubes 

and we consider a storage of *» 1024 r:gistern cf l 6 di;itin 

each ^hen - 

The 3-Aliensional array requires Rh x b = 192 

+ ] 6 x ? = _J>2_ 

??4 tubes 

The 2-dimensional array requires 3584 tubes 

Tale is a substantial price to paj for the improved selection 
ratio. No consideration has been giver to tie fact that the 3dimens Iona 
drlvero drive nore cores and therefore must be larger than the 2 d.im< :c1o:m . 
drivers. Thin size difference partially compensates for* the different 
complexity of the two systems. 

Fortunately it .la not necessary to go to complete, sopera! .on j.1 
digit columns. For example, X-salection con be made in each column, :he " 
selections in all columns at once. This arrangement requires 

nd s-type drivers a cores/driver 

n n-typs drivers nd n " 

*'or the hypothetical storage ve now need I669 tubes. 

It is possible to omit the n-type drlverB completely by bl.'isin,: 
the ertire 3"Al“ 10 nnional array with a single 1/3 H s-type drivor, ulus va<v- 
writing minus, and minus when writing plus. Both x end y drivers can then 
bo o-type also. The same number of x and y drivers be before are require*; 
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g-Dlmen slonal Hed undant 

This system requires 3 lignnls in each column,x, y., and dingur.f 1, 
Two of these can he s-typo with un amplitude of 2/5 H, the other is n bygj 
vith an amplitude of 1/5 H. A "biasing driver such aj mentioned above car U*3 
used vith another set of t:-type drivers instead of the retypes. In eliihe3 
event only the + l/5 cun be common to all columns The requiremente .'.re: 


2nd 

e-type or 2nd 

e-type 

n cores/driver 

n 

n-type n 

a-type 

nd " ■ 


1 

a-type 

n 2 d " * 

Yor 

the hypothetical 

storage 

we now need "J200 tubs*. 


3-Dimensional Redundant 

Any two planes can 
be separate. There will be a 
we require: 

2 n 2 ^ 8-type 

2 n*^d n-type 

The array should bo cubical, i<e., 51?, 4og6, 327&^» etc. registers. 
It may veil be that this typo of system will be important for very large 
amounts of storage where 4-dimensions arrays become desirable but where t>a 
5:3 switching ratio of the true U-dlmensional system may be unworkable. 

Considering a storage of 16^ = 4096 roasters of x6 digits eaci, 

we require: 

3? e-type * 32 x 3 = 96 tubes 4096 cores/driver 

512 n-type = 512 x 4 “ 2048 tubes 256 cores/driver 

2ITO tubes total' 

The 2-dlmension&l best-pos9lble requires 4288 tubes for this 
sice storage or twice as many. 

The 3-d.ineneional best-possible reouires 4l6 tubes or about one ■ 
fifth as many. 


be common to all columns, the o .hers mat 
3-di!Bensional array in each column. Thrrofc re 


n^d cores/driver 

3/3 s 
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Coac.ln alone 

It appor.iB Dcaaitla, at a substantial coat In increased c.)ir .er 
of the associated circuitry, to effectively inrprova the OT'ern;!ng ch r, :U 
iiitico of any core material by Improving the selection ratio. Some :r« J.ii . re¬ 
tests made "by W. N.. PepJ an ehov that th3 response tine of a steel co.ro may i ■ 
approximately halted by using rx 3 : 1 ratio instead c.f 2sl end may be >niv*.;d 
again by going to Some of the recant stool ce res are aliaost fact arc : m 

for use in 'Whirlwind at 2sl. The decision as to whether to uao one of the 
more coraolicated systemr: must wait until more information on Cora chniv»ott; 
lntics and driver design become available. 
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